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AMBIENT TEMPERATURE CURING COATING COMPOSITION 

The present invention relates to a room temperature curable coating 
composition comprising a polyslloxane and an acrylic polymer. The benefits of 
6 adding an acrylic polymer to a polyslloxane based coating composition are, for 
example, faster drying of the composition and increased hardness of the cured 
coating. Additionally, replacing part of the polyslloxane with acrylic polymer has 
cost-saving advantages. 

io Room temperature curable compositions comprising a polyalloxane and an 
acrylic polymer are known- For example, US 4,138,387 discloses compositions 
comprising solid particles of acrylic polymer dispersed in an oiganopolyslloxane 
fluid. The compositions described are dispersions that can be cured to rubbers 
having an elongation to break of about 120 to about igo percent These 

is compositions generally are too soft and too flexible to be used as finish 
coatings or primer coatings, as they are easily damaged. 

WO 99/31179 discloses a sealant composition comprising solid particles 
comprising a low Tg polymer and a high Tg polymer dispersed In a 
a* polyalloxane. The solid particles can be acrylic copolymers. The elongation to 
break of the cured sealant Is generally from about 250 to about 1,600 percent 
These compositions generally are too soft and too flexible to be used as finish 
coatings or primer coatings, as they are easily damaged. 

26 US 5,530,083 discloses a composition comprising a linear oiganopolyslloxane, 
a polymer having an ethyienicaily unsaturated double bond which may be an 
acrylic polymer, an epoxy compound, a curing agent for the epoxy compound, 
and a curing catalyst for the linear organopolysiloxane, The coating la. for 
instance, useful as sealing, as adhesive, or as coating composition. The 

ao elongation to break of the obtained coatings reported in this document is above 
300 percent These compositions generally are too soft and too flexible to be 
used as finish coatings or primer coatings, as they are easily damaged. 
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WO 01/51575 discloses an ambient curing coating composition comprising a 
polysiloxane, a glycidyl-fu notional acrylic polymer, and a hardener. A drawback 
of this coating composition la that It needs to be packed In a so-called two-pack 
system; the hardener is packed separately from the polysiloxane. This is 
disadvantageous, as the pack comprising the hardener and the pack 
comprising the polysiloxane and the glyddyl-ftinctional polymer need to be 
mixed thoroughly before application of the composition. And, after mixing, the 
pot-life is shod i.e. about half an hour to at most four hours. This is because 
the reaction of the components starts In the pot after mixing of the components. 
Another drawback is that the ratio of the hardener to the other components is of 
Importance, thus care should be taken that all contents of one pack are mixed 
with all contents of the other pack. 

WO 01/98419 discloses an ambient curing coating composition comprising a 
polysiloxane and an alkoxysflyl-fUnctional acrylic polymer. The composition can 
be packed together as a so-called one-pack composition. A drawback of this 
coating composition, however, is that it has a relatively short shelf-life. 

The present Invention provides a solution to the drawbacks associated with the 
above-mentioned prior art. The ambient temperature curable coating 
composition according to the present invention comprises: 
• a branched polysiloxane. In other words non-linear polysiloxane, having 
the formula: 



wherein each R1 is Independently selected from the group consisting of 
alky). aryJ, alkoxy groups having up to six carbon atoms, and OSi(OR3)» 
groups, wherein each R3 independently has the same meaning as R1, 



R2-0-[-Si-0-^ r R2 
R1 
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each R2 is selected from the group consisting of hydrogen and alkyl and 
aryl groups having up to she carbon atoms, and wherein n is selected 
such that the molecular weight of the polysiloxanes Is In the range of 
from 200 to about 5,000, preferably 500 - 2,000, 
5 ♦ a catalyst, and 

• an acrylic polymer. 

The acrylic polymer is substantially free of functional groups that can react with 
the polyslloxane or with the catalyst in the coating composition, 

10 It was found that the coating composition according to the present Invention 
has an increased shelf-life compared to the compositions described In WO 
01/08419. 

The elongation to break of coatings prepared with a coating composition 
w according to the present invention is less than 100 percent preferably less than 
20 percent, more preferably less than 5 percent The glass transition 
temperature, Tg, of cured films prepared with a coating composition according 
to the present Invention is higher than 0°C, preferably higher than 10*C, more 
preferably higher than 25°C. The molecular weight between cross-links of 
20 coatings prepared with a coating composition according to the present invention 
Is (ess than 2,000 daltons, preferably less than 1,000 daltons, more preferably 
less than 500 daltons, and ideally less than 250 daltons. 



The molecular weight between cross-links (M^ of the coating can be 
2B determined from measuring the rubbery modulus of the coating using dynamic 
mechanical thermal analysis (DMTA) techniques, using the following 
relationship. 



30 wherein: 
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■ p Is the density of the polymer (g.mr 1 ) 

• R is the gas constant (J.K^.mol 1 ) 

• T is temperature (K) 

• E' Is the rubbery modulus (Pa) 

5 

The coating composition of the present invention preferably comprises a 
volatile oraanic content (VOC) of less than 430 grams per litre of organic 
solvent More preferably, the coating composition comprises a VOC of less than 
340 grams per litre, even more preferably a VOC of less than 250 grama per 
10 litre. 

The solids content of a composition according to the present invention 
preferably Is higher than 60 percent by weight, more preferablyhigher than 70 
percent by weight, even more preferably 80 percent by weight, based on the 
total coating composition. 

1S 

The coating composition of the present Invention preferably Is substantially 
epoxy-free, as the presence of an epoxy component and the curing agent for 
the epoxy compound may effect the durability of the coating. For Instance, the 
gloss and colour retention properties may be influenced. Especially after 
20 exposure to light, the appearance of a coated substrate may be affected. By the 
term "substantially epoxy-free'' Is meant that the coating composition 
comprises less than 0.5 weight % of epoxy compounds, preferably less man 0.1 
weight % of epoxy groups, calculated on the total coating composition. Most 
preferably, the coating composition according to the present invention is 

29 completely epoxy-free. 

The branched polysiloxane that is present In the coating composition according 
to the invention may comprise cyclic slloxane rings. From these cyclic siloxane 
rings groupB may be branched off. The polysiloxane has an average 

30 functionality of more than two. That Is, on average the polysiloxane comprises 
more than two functional group per molecule. Preferably, the polysiloxane has 
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an average functionality of more than 3. These functional groups can react with 
each other and may react with the catalyst if the catalyst has suitable 
functionality. 

e As stated above, each R1 of the polyslloxane Is independently selected from 
the group consisting of alkyl. eJkoxy groups having up to six carbon atoms, 
and OSl{OR3) 3 groups, wherein each R3 independently has the same meaning 
as R1, each R2 Is selected from the group consisting of hydrogen and alkyl and 
aryl groups having up to six carbon atoms. R1 and R2 groups having more than 

10 six carbon atoms tend to Impair the hydrolysis of the polyslloxane due to the 
relatively low volatility of each alcohol analogue. Preference is given to the use 
of alkoxysilyl-fi] notional polyslloxane. 

Methoxy-, ethoxy-. and sllenoi-functional polysiloxanes having molecular 
is weights in the range of about 400 to about 2,000 are preferred for formulating 
coating compositions according to present Invention; Methoxy-, ethoxy-, and 
Bilanol-functlonal polysiloxanes having molecular weights of less than 400 
would produce a coating composition that Is brittle and offers poor impact 
resistance. Nevertheless, small amounts of liquid methoxy-, ethoxy, or sllanoK 
20 functional polysiloxanes with a molecular weight below 400 can be tolerated. 
Any liquid methoxy-, ethoxy-, and sllanol-functlonal polysiloxane with a 
molecular weight above 400 can be used, though it is preferred to use 
polysiloxanes with a molecular weight of less than 2.000, as they enable the 
production of compositions that require few if any additional solvents to achieve 
26 application viscosity, i.e. which can be used without adding solvent in excess of 
current volatile organic content (VOC) requirements. In general, a high- 
molecular weight polyslloxane can be used without violating VOC requirements 
by mixing it with a reactive or non-reactive diluent However, normally this will 
affect film properties. 

30 Suitable polysiloxanes that can be used In the composition according to the 
present invention include: DC 3037 and DC 3074 (both ex Dow Coming), or SY 
231, SY 550, and MSE 100 (all ex Wacker). 
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The acrylic polymer, which Is substantially free of functional groups that can 
react with the polysiloxane or with the catalyst in the coating composition, can 
be prepared by (co)polymerising one or more olefinlcally unsaturated 

e monomers. This is usually performed using a polymerisation initiator. Examples 
of ethylenically unsaturated monomers which can be (co)patymerised are 
acrylic esters such as bufyl (meth)acrylate, methyl (meth)acrylate, ethyl 
(meth) acrylate, propyl (meth)acrylate, n-hexyl (meth)acrylate, isopropyl 
(meth)acryiate f butyl (rneth)eerylate, 2-ethylhexyl methacrylate or acrylate, 

io cyciohexyi (meth)acrylate. 2,2,5-trlmethylcycIohexyl (meth)acrytate, isobornyl 
(meth)acryiate, acrylonltrile, rnethacrylonltriie, trimethoxyailyl 
propy1(meth)acrylate, and vinyl compounds such as styrene, vinyl acetate or 
vinyl chloride, wherein the term (meth)acrylats means acrylate or methacrylate. 

15 To prepare a coating composition with a low VOC, the acrylic polymer can be 
prepared, for example, by free radical polymerisation or any other reaction In 
the presence of a reactive diluent which Is an organic compound of viscosity 
less man 2 Pa.s (20 Poise) at 25°C. Preference is given to the use of a reactive 
diluent having at (east one functional group which is non-reactive with respect 

zo to the olefinicaily unsaturated monomers and which is capable of further 
reaction to form a polymer network. It was found that low-viscosRy 
polysiloxanes can be used in the preparation of the acrylic polymer. 
Reactive diluents that can be used in the preparation of the acrylic polymer 
include alkoxvsiiyl-functional polysiloxanes, such as DC 3037 and DC 3074 

26 (both ex Dow Coming), or SY 231, SY 560, and WISE 100 (all ex Wacker); 
monomeric alfcoxysifenes, such aa tnmethoxypropyl silane, dimethoxydlphenyi 
silane, and tetraethyl orthosilicate; and organofunctlonal monomeric 
alkoxysilanes, such as acetoacetoxy propyl trimethoxysilane and acetoacetoxy- 
propyl triethoxysilane. 

aa 
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The acrylate polymer Is preferably prepared from a formulation comprising 
(methyl) rnethacrylate and butyl acrylate in a reactive diluent. Optionally, the 
formulation further comprises other otefinically unsaturated monomers. In a 
highly preferred embodiment, the reactive diluent Is a polysiloxane and this 
& polysiloxane is the seme as the polysiloxane that is present in the coating 
composition according to the present invention, 

The choice of the fype(a) of monomers) and the amounts of the monomers 
from which die acrylic polymer is prepared determine the glass transition 

10 temperature of the resulting acrylic polymer, The glass transition temperature 
(Tg) of the acrylic polymer can be between -50*C and +100°C. Preferably, the 
Tg of the acrylic polymer is between 0°C and 100°C, more preferably between 
20°C and 80 o C t and most preferably between 30*C and 7G°C. 
Preferably, the formulation for the preparation of the acrylic polymer comprises 

16 20-80% by weight of polysiloxane and 80-20% by weight of acrylic monomers, . 
more preferably 30-80% by weight of polysiloxane and 20-70% by weight of 
acrylic monomers, even more preferably 40-70% by weight of polysiloxane and 
30-60% by weight of acrylic monomers, wherein the % by weight Is calculated 
based on the total weight of the formulation comprising the otefinically 

so unsaturated monomers and the polysiloxane before the start of the 
polymerisation reaction of the acrylate monomers. 

Preferably, the formulation for the preparation of the acrylic polymer comprises 
1-60% by weight of methyl rnethacrylate and 0-70% by weight of butyl 
rnethacrylate, more preferably 6-50% by weight of methyl methaciylate and 0- 
25 60% by weight of butyl rnethacrylate, even more preferably 5-40% by weight of 
methyl rnethacrylate and 0-50% by weight of butyl rnethacrylate, wherein the % 
by weight Is calculated based on the total weight of the formulation comprising 
the otefinically unsaturated monomers and the polysiloxane before the start of 
the polymerisation reaction of the acrylate monomers. 

30 
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As indicated above, preference is given to a process for the preparation of the 
acrylic polymer from ethyienlcally unsaturated monomers by addition 
polymerisation while in solution In a reactive diluent The polymerisation Is 
preferably carried out In the substantial absence of non-functional volatile 

s solvent, that is, a volatile solvent that will not take part In the polymerisation 
reactions of the ethyienlcally unsaturated monomers, that will not react with the 
polymerisation Initiator either, and that is also not capable of further reaction to 
form a polymer network. Alternatively, a small proportion, for example up to 10 
to 20% by weight of the polymerisation reaction mixture, of a non-functional 

10 volatile solvent which is miscible with the reactive diluent ran be present Some 
or an of the monomers can be pre-dissolved in the reactive diluent, but 
preferably the monomers, together with (a) free radical initiators) and any chain 
transfer agent used, are gradually added to the diluent For example, the 
reactive diluent can be heated to a temperature in the range of 50 - 200*0, and 

is the monomers, initiator, and chain transfer agent are added over a period of up 
to 12 hours, preferably in less than 4 hours, while the temperature of the 
solution is maintained during the addition and for a further period of 0.5 - 4 
hours after the addition. A further charge of Initiator may be added during this 
further period to reduce the level of unreactad monomer. However, it Is also 

zo possible to reduce this level by distilling off the unreacted monomer from the 
reaction mixture. 

The free radical initiator can for example be a peroxide or peroxy ester such as 
benzoyl peroxide, di-tert-butyl peroxide, tert-butyl pen»xy-3,5,5-trimethyl 
hexanoate, 2,5-bis(2-ethylhaxanoyl-peroxy)-2,5-dimethyl hexane. or tertiary 
25 butyl peroctoate or an azo compound such as azobisisobutyronitrile or azo- 
bls(2-methylbutyronftrile). . 

A chain transfer agent, for example dodecanethlot, butanethlol, pentaerythritot 
tetra (mercaptopropionafe), mercaptopropyl trimethoxysilane, or dibutyl 
so phosphite, may be present during polymerisation. The level of Initiator and of 
chain transfer agent if present Is preferably controlled such that the number 
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average molecular weight (Mn) of the polymer produced is not more than 
10,000 and preferably la in the range of 600 to 5,000, most preferably 1.000 to 
3,000, in Older to maintain a workable viscosity. For example, the amount of 
free radical initiator used (by weight based on monomers) generally Is at least 
5 1 %, preferably 2 to 1 0%, when no chain transfer agent is used, or a level of 1 to 
5% Initiator can be used In conjunction with 1 to 10% chain transfer agent 

The coating composition according to the present invention also comprises a 
catalyst The catalyst present In the curable polymer composition In general can 
io be any catalyst active in cross-linking the functional groups present in the 
polysltaxane under the Intended conditions of curing. The catalyst can for 
example be an organic or inorganic Lewis acid or base, preferably a Lewis 
base. 

is Optionally f the catalyst Is an alkoxytitanlum compound, tor example a titanium 
chelate compound such as a titanium bis(acetylacetonate) dialkoxlde, e.g., 
titanium bls(acetylacetonata) dlisopropoxlde, or an alkanolamlne trtanate. e.g., 
titanium bisftriethanolamina) diisopropoxlde, or an alkoxytitanlum compound 
which Is not a chelate such as tstra(lsopropyl) tltanate or tetrabutyl titanate. 

20 Such titanium compounds containing alkoxy groups bonded to the titanium may 
not set as catalysts alone, since the titanium alkoxide group is hydrolysable and 
toe catalyst may become bound to the cured silane or siloxane by SI-O-TT 
linkages. The presence of such titanium moieties In the cured product may be 
advantageous In giving even higher heat stability. The titanium compound can 

26 for example be used at 0,1 to 5% by weight of the binder. Corresponding 
alkoxide compounds of zirconium or aluminium are also useful as catalysts. 

An alternative catalyst is a nitrate of a polyvalent metal ion such as calcium 
nitrate, magnesium nitrate, aluminium nitrate, zinc nitrate, or strontium nitrate, 
ao Calcium nitrate has been suggested as a catalyst tor the amine curing of epoxy 
resins, but it has never been suggested for curing silane or siloxane materials. 
Surprisingly, we have found that calcium nitrate Is an effective catalyst for the 
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curing by Si-O-Si condensation of a silane or siloxane containing at least two 
alkoxy groups bonded to silicon by Sl-O-C bonds, when the composition also 
includes an organic amine. The calcium nitrate is preferably used in its 
tetrahydrate form, but other hydrated forms can be used. The level of calcium 
6 nitrate catalyst required generally is not more than 3% by weight of the binder, 
for example 0.05 to 3% by weight Coatings cured using calcium nitrate catalyst 
are especially resistant to yellowing on exposure to sunlight 

Another example of a suitable catalyst Is an organotln compound, for example 
10 a diaikyltin dioarboxylate such as dibutyltin dilaurate or dlbutyltin diacetate. 
Such an organotln catalyst can for example be used at 0.05 to 3% by weight 
of the binder of the coating composition. 

Other compounds effective as catalysts in the coating compositions of the 
is invention are organic salts, such as carboxylates, of bismuth, for example 
bismuth tris(neodecanoate). Organic salts and/or chelates of other metals 
such as zinc, aluminium, zirconium, tin, calcium, cobalt, or strontium, for 
example zirconium acetylacetonate, zinc acetate, zinc acetylacetonate, zinc 
octoate, stannous octoate, stannous oxalate, calcium acetylacetonate, 
zo calcium acetate, calcium 2-ethyihexanoate, cobalt naphthenate, calcium 
dodeoyfbenzenesulphonate, or aluminium acetate, may also be effective as 
catalysts. 

Preferably, the catalyst is an amine chosen from the general classes of 
25 aliphatic amines, aliphatic amine edducts, polyamldoamlnes, cycloallphatic 
amines and cycioaliphatlc amine adducjts, aromatic amines, Mannich bases, 
and ketlmines, which each may be substituted wholly or In part with an 
aminosilane. 

The aminosilane contains at (east two, preferably three, alkoxy groups bonded 
30 to silicon by Si-O-C bonds and also contains at least one primary or secondary 
amine group. 
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Preferably, the amfnosilane has the general formula Y-SHO-XK wherein Y is 
H(HNR)a and a te an Integer from one to six, each R Is a Afunctional organic 
radical. Independently selected from the group consisting of aryl. aikyl. 
dialkytaryl, alkoxyalkyi. and cycloalkyl radicals, and R can vary within each Y 
s molecule. Each X may be the same or different, and Is limited to alkyl, 
hydraxyalkyl, alkoxyalkyi. and nydroxyalkoxyalkyl groups containing fewer than 
about six carbon atoms. 

Preferred amlnoBilanes are, for example: amlnoethyl trlethoxysllane. 3- 
aminopropyl trlethoxysllane, n-phenylamlnopropyl trimethoxysilane, trimethoxy- 
10 silylpropyl dlethylene trlamine, 3-(3-aminophenoxy)propyl trimethoxysilane. 
aminoethyl aminomethylphenyl trimethoxysilane, 2-amlnoethyl 3-aminopropyI 
trie 2-ethyihexoxysllane. and n-aminohexyl amlnopropyl trimethoxysilane. or 
mixtures thereof. 

15 Optionally, the coating composition according to the present invention 
comprises a low-molecular weight alkoxysilane having the general formula 



wherein R3 is selected from tha group consisting of alkyl and cycloalkyl groups 
containing up to six carbon atoms and aiyl groups containing up to ten carbon 

zo atoms. R4 is independently selected from the group consisting of alkyl, alkoxy, 
hydroxyalkyl. alkoxyalkyl, and hydraxyalkoxyalkyl groups containing up to six 
carbon atoms. An example of a low-molecular weight alkoxysilane according to 
the above formula that can be used in the coating composition te 
dimethoxydiphenyl silane. 

26 The amount of such a tow-molecular weight alkoxysilane in the coating 
composition preferably is between 5 and 20 percent by weight, more preferably 
about 10 percent by weight, based on the total coating composition. 



R4 




R3-0-SI-R4 
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Optionally, the coating composition comprises an acrylic polymer having 
functional groups that can react with the polysiloxane or with the catalyst in the 
coating composition. An example of such an acrylic polymer is an alkoxysilyl- 
functional acrylic polymer, which Is for Instance described in WO 01/98419. 

s Another example is a glycldyl-functionsl acrylic polymer, which is for Instance 
described in WO 01/51575. Such acrylic polymers can be obtained through a 
polymerisation reaction in a reactive diluent Preferably, this reactive diluent is 
the polysiloxane, and this polysiloxane is the same as the polysiloxane that Is 
present in the coating composition according to the present invention. Such an 

10 acrylic polymer having functional groups that can react with the polysiloxane or 
with -the catalyst In the coating composition is preferably prepared separately 
from the acrylic polymer which is substantially free of functional groups that can 
react with the polysiloxane or with the catalyst In the coating composition. This 
is to avoid ending up with a composition solely comprising siloxane copolymers 

is having functional groups mat can react with the polysiloxane or with the 
catalyst 

The coating compositions of the invention may contain one or more further 
ingredients. Thus they, may contain one or more pigments, for example titanium 

20 dioxide (white pigment), coloured pigments such as yellow or red Iron oxide or a 
phthalocyanlne pigment and/or one or more strengthening pigments such as 
micaceous iron oxide or crystalline silica and/or one or more anticorroslve 
pigments such as metallic zinc, zinc phosphate, wollastonite or a chromate, 
molybdata or phosphonata and/or a filler pigment such as barytes, talc or 

26 calcium carbonate. The composition may contain a thickening agent such as 
fine-particle silica, bentonfte clay, hydrogenated castor oil. or a polyamide wax. 
The composition may also contain a plasticiser, pigment dlspersant, stabiliser, 
flow aid, or thinning solvent 

30 The coating compositions of the invention generally cure at ambient 
temperatures, for example temperatures in the range from 5 to 30°C F and are 
thus suitable for application to iaige structures where heat-curing Is impractical. 
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The coating compositions of the Invention alternatively can be cured at elevated 
temperatures, for example temperatures In the range from 30 to 50°C up to 100 
or 130°C, to speed up the curing. The hydrolysis of sMcon-bonded alkoxy 
groups depends on the presence of moisture; In almost all climates 
5 atmospheric moisture is sufficient, but a controlled amount of moisture may 
need to be added to the coating when curing at elevated temperature or when 
curing In very low humidity (desert) locations. The water is preferably packaged 
separately from any compound or polymer containing silfcon-bonded alkoxy 
groups. 

10 

The coating compositions of the Invention In general can be used as finish 
coatings aridfcr primer coatings. Coating compositions containing a relatively 
high proportion of polysiloxan© have a high gloss which is retained remarkably 
well on weathering and UV exposure. They are particularly suitable for coating 

16 substrates that are exposed to the weather, e.g. sunlight for long periods 
before recasting. The highest levels of gloss can be achieved if the coating 
composition Includes en organic solvent (thinner) such as xylene, although the 
use of solvent is not generally required in the coating compositions of the 
Invention, which can be solvent-free coatings having a very low measured 

20 volatile organic content The coating composition may contain an alcohol, e.g, 
ethanol or butanol, to extend the pot-life and control the Initial speed of curing. 

A finish coating according to the Invention can be applied over various primer 
coatings, for example inorganic zinc silicate or organic zinc-rich silicate primers 

25 and organic, e.g. epoxy resin, primers containing zinc metal, corrosion- 
Inhibiting, metal flake or barrier pigments. The coating composition of the 
invention has particularly good adhesion to inorganic zinc silicate coatings 
without needing an intermediate tie coat or mist coat. A finish coating 
composition of the Invention can also be applied directly over aluminium or zinc 

30 "metal spray" coatings, or over galvanised steel, stainless steel, aluminium, or 
plastics surfaces such as glass fibre reinforced polyester or a polyester gel 
coat The coating composition can for example be used as a finish coating on 



I 
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buildings, steel structures, automobiles, aircraft and other vehicles, and general 
industrial machinery and fitments. The finish coating can be pigmented or it can 
be a clear (norc-pigmented) coat, particularly on cars or yachts. The coating 
composition can be applied directly to prepared carbon steel as a primer/finish. 

s 

The coating composition of the invention alternatively can be used as a 
protective primer coating, particularly on steel surfaces, for example bridges, 
pipelines, industrial plants or buildings, oil and gas installations, or ships. For 
this use it is generally pigmented with antlcorrosive pigments. It may for 

10 example be pigmented with zinc dust; coatings according to the invention 
have a similar anticorrosive performance to known zinc silicate coatings but 
are less liable to mud-cracking and can be readily overcoated. particularly with 
a polystloxane finish, for example a finish coat according to the present 
invention. Primer coating compositions according to the invention can be used 

is as maintenance and repair coatings on less than perfect surfaces such as 
aged blasted steel or "ginger" (steel which has been blasted and haa started 
to rust in small spots), hand-prepared weathered steel, and aged coatings. 

Preferably the components of a coating composition according to the present 
20 invention are packed together as a so-called one-pack composition. It is 
advisable to have only a small amount of moisture present In tills composition. 

The invention will be elucidated with reference to tine following examples. These 
are Intended to illustrate the Invention but are not to be construed as limiting in 
26 any manner the scope thereof. 

In the examples, pbw haa the meaning of parts by weight. 

Examples 

Example 1 (Acrylate polymer preparation) 
ao Acrylic polymers were prepared In a polysiloxane solvent mixture. The 
poiysiloxane used, DC 3074 ex Dow Coming, was substantially non-reactive 
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15 



with respect to the oleflntcally unsaturated starling monomers for the acrylic 
polymers. 

The alkoxysUyl-functional silicone resin DC 3074 and the solvent trimethyl 
5 benzene fTMB) were charged to a reaction flask that was fitted with a stirrer, a 
condenser, a nitrogen gas sparge, a thermocouple, and a feed port The 
temperature was raised to 14Q°C under a nitrogen atmosphere. 



10 



15 



20 



25 



The monomers methyl methacryiate (MMA) and butyl acrylaie (BA) and the 
initiator tertiary butyl peroxide (TBPO) were charged over two hours while the 
reaction temperature was held constant at 140°C. Upon completion of the feed, 
the reaction mixture was held at 140°C for one hour, after which a further 
addition of initiator (-10% of the initial charge of TBPO) was made. The 
temperature was held at 140°C for a further two hours. Then the reaction 
mixture was cooled to room temperature and discharged. 

Five acrylate polymers were prepared this way. In the preparation of three of 
these polymers, the chain transfer agent tertiary dodecanethiol (TDT) was 
added to the reaction mixture. 



PoJymar 
No. 


Poiyslloxan 
e 1 

Pbw 


TMB" 
Pbw 


MMA 4 
pbw 


BA* 
Pbw 


TBPO" 
pbw 


TDT* 
Pbw 


1 


400.0 


50.0 


75.0 


25.0 


5.5 




2 


300.0 


50.0 


50.0 


150.0 


8.8 




3 


300.0 


50.0 


50.0 


150.0 


9.8 


3.6 


4 


325.0 


50.0 


150.0 


25.0 


9.8 


3.4 


5 


400.0 


50.0 


75.0 


25.0 


5,5 


1.9 



*) Trimethyl benzene 
5 Methyl methacryiate 
i Butyl acrylate 
i Tertiary butyl peroxide 
i Tertiary dodecanethiol 



1 - » 
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Example 2 (Coating composition preparation) 

Coating compositions were prepared using the mixtures of acrylic polymer and 
polysiloxane prepared in Example 1. The coating compositions were formulated 
with different amounts of aminopropyl triethoxysilane (APTES), trlmethyi 
6 benzene (TMB), and tetraethyl orthoslllcate (TEOS). The formulation of the 
coating compositions Is presented In Table 2. 



Component 


PbW 


Polymer' 


115.8 j 


Titanium dloxider 


66.2 


Alcohol* 


4.0 


Defoamer* 


1.0 


Dlsparion* 


2.0 


APTES" 


0.0-14.0 


TMB' 


0.0-14.6 


TEOS tt 


0.0-14.0 



10 polysiloxane 

2 ) Kronos 2063 ©x Kronos 
. 3 ) Isopropyl alcohol 

Byk 80 ex Byte-Chemie 
5 Dlsparion 6650 ex Kusumoto Chemicals 
is 5 Aminopropyl triethoxysilane 
r ) Trimethyi benzene 
e ) Tetraethyl orthosilicate 



Example 1. comprising acrylic polymer 



in 



The coating compositions thst were prepared according to the formulation 
20 presented in Table 2 are shown In Table 3. 
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Table 3 



Coating comp. 


Polymer 


APTES* 


TMB* 


TEOS" 


No. 


Number 1 


Pbw 


pbw 


pbw 


1A 


1 


14.0 


14.0 




1B-J 


2 


7.0 




14.0 


1B-H 


2 


14.0 


14.0 




1C 


3 


7.0 


14.0 




1D 


4 


14.0 




14.0 


1E 


5 


7.0 


14.0 





') Polymer mixture prepared in Example 1, comprising acrylic polymer in 
potysHoxane 
s ~) Amlnopropyl triethoxy silane 
2 TrimethyJ benzene 
"} Tetraethyl orthosliicate 



Example 3 (Coating composition testing) 

10 The viscosity of the uncured coating compositions of Example 2 was measured. 
Next, the coating compositions were applied and cured. The length of time 
necessary for the coatings to become touch dry, and the length of time before 
the coating became hard dry were determined in environments with different 
temperature and humidity. After curing the hardness, and gloss of the obtained 

is coatings were tested. 

The results of all tests are presented in Tables 4a and 4b. 



Coating comp. 
No. 


Viscosity 1 


Touch Dry* 
(10/80) 


Touch DrV 
(25/50) 


Hard Dry* 
(25750) 




Poise {25 0 C) 


Min. 


Min. " 


Mm. 


1A 


2.24 


340 


145 


350 


1B-I 


5.09 


1235 


630 


1500 


1B-II 


3.61 


675 


240 


625 


1C 


3.79 


1500 


920 


1500 


1D 


2.6 


1500 


370 


1010 


1E 


2.21 


1500 


925 


1600 



20 



f) Touch dry time In minutes at 10*C and 80% relative humidity. 
2 Touch dry time in minutes at25°C and 50% relative humidity. 
*) Hard dry time in minutes at 25°C and 50% relative humidity. 
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Coating 
comp. No. 


Konig 

Hardness 1 

(10780) 


Konig Hardness'' 
(25/50) 


Konig Hardness" 
(40/25) 


Gloss" 


1A 


45 


103 


78 


77 


TB-I 


' 7 


13 


4 


62 


1B-H 


12 


26 


19 


84 


1C 


4 1 


0 


3 


36 


1D 


24 


24 


15 


47 


1E 


57 


57 


11 


65 



H ) Kfinfg Hardness after 7 days at 10°C and 80% relative humidity. 
*) Konig Hardness after 7 days at 25°C and 50% relative humidity. 
®) Konig Hardness after 7 days at 40°C and 25% relative humidity. 
5 *) Gloss determined according to ASTM D523. 



Example 4 (Acrylate polymer preparation) 

Acryllo polymers were prepared in a polyslloxane solvent mixture. The 
polysiloxane used, DC 3074 ex Dow Coming, was substantially non-reaotlve 
10 with respect to the oleflntcally unsaturated starting monomers for the acrylic 
polymers. 

The aikoxysilyl-fUnctiona! silicone resin DC 3074 and the solvent trimethyt 
benzene (TMB) were charged to a reaction flask mat was fitted with a stirrer, a 
16 condenser, a nitrogen gas aparge, a thermocouple, and a feed port. The 
temperature was raised to 140°C under a nitrogen atmosphere. 

The monomers methyl methaciylate (MMA), butyl acrylate (BA) and (optionally) 
trimethoxysilylpropyl methacrylate (TMSPMA) and the initiator tertiary butyl 

20 peroxide (TBPO) ware charged over two hours while the reaction temperature 
was held constant at 140*C. Upon completion of the feed, the reaction mixture 
was held at 140°c for one hour, after which a further addition of Initiator (-10% 
of the initial charge of TBPO) was made The temperature was held at 140°C 
for a further two hours. Then the reaction mbsture was cooled to room 

25 temperature and discharged. 
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Two polymers were prepared this way. In the preparation of acrylate polymer 
number 7 trfmethoxysilylpropyl methacrylate (TMSPMA) was added to the 
reaction mixture, which resulted In an afltoxyallyMtonctional acrylic polymer. 



Polymer 
No. 


Polysiloxane 1 
Pbw 


TMB* 
Pbw 


MMA* 
pbw 


"BA 4 
Pbw 


TBPO" 
Pbw 


TMSPMA 8 
Pbw 


a 


300.0 


50.0 


100,0 


100,0 


10.75 


m 


7 


300.0 


50.0 


87.5 


87.6 


10.0 


25.0 



10 



p Methyl methacrylate 

1 Butyl acrylate 

J Tertiary butyl peroxide 

^ Trimethoxysilylpropyl methacrylate 



Example B (Coating composition preparation) 

Coating composition* were prepared using the mixtures of acrylic polymer and 
15 polysiloxane prepared in Example 4. The formulation of the coating 
compositions is presented in Table 6. 



20 



25 



Table 6 



Component 


Pbw 


Polymer' 


165.0 


Titanium dioxide* 


80.0 


Disparlon 0 


1.65 


APTES" 


10.0 


TEOS"' 


20.0 



polysiloxane r r wmpnsing acrylic polymer in 

*) Kronos 2063 ex Kronos 
p Disparlon 6850 ex Kuaumoto Chemicals 
) Aminopropyt trlethoxy silane 
1 Tetraathyl orthosilicate 

Coating composltton 4A {comprising polymer no. 6) and coating composition 4B 
(comprising polymer no. 7) were prepared according to the formulation 
presented In Table 6 and stored at40°C. 
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Example 6 (Coating composition testing) 

The viscosity rise as a function of storage time was measured for a coating 
composition according to the present invention. Le. for coating composition 4A, 

which comprised a polysiloxane, a catalyst, and an acrylic polymer substantially 
free of functional groups that can react with the polysiloxane or with the catalyst 
{n the coating composition. This data was compared to the viscosity rise as a 
function of storage time for coating composition 4B, which comprised a 
polysiloxane, a catalyst, an alkoxysllyMunctional acrylic polymer, and no acrylic 
polymer substantially free of functional groups that can react with the 
polysiloxane or with the catalyst In the coating composition. 

The viscosity rise as a function of time is tabulated below. 



Davs 


Coating comp. 
Number 4A 


Coating com. 
Number 4B 


0 


11.5 


21.8 


3 


11.9 


23.7 


6 


11.9 


23.8 


10 


12.2 


25.2 


16 


12.3 


28.2 


34 


12.9 


28.4 


84 


13.8 


81.1 



Coating composition 4A demonstrates a slower rise in viscosity than coating 
ib composition 4B. Thte is shown graphically below. ° 
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%Change In Initial viscosity as a function of 
storage time at 40 degrees C 
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Claims 

1. Ambient temperature curable coating composition comprising 
- a branched polyslloxane having the formula 



wherein each R1 Is selected from the group consisting of alkyi. aryl, and 
alkoxy groups having up to six carbon atoms, and OSi(OR3)a groups, 
wherein each R3 Independently has the same meaning as R1, each R2 
is selected from the group consisting of hydrogen end alkyi and aryl 
groups having up to six carbon atoms, and wherein n is selected such 
that the molecular weight of the potysiloxanee is in the range of from 200 
to about 5,000, 

- a catalyst, 

- an acrylic polymer which Is substantially free of functional groups that 

can react with the polysiloxane or with the catalyst in the coating 
composition. 

2. Coating composition according to claim 1 , characterised In that the acrylic 
polymer Is obtained by polymerisation in the potysiloxane. 

3. Coating composition according to claim 1 or 2, characterised in that the 
polysiloxane is an alkoxysilyl-functional polyeiloxane. 

4. Coating composition according to any one of the preceding claims, 
characterised in that the catalyst is amino-functionai. 

5. Coating composition according to any one of the preceding claims, 
characterised In that the acrylic polymer has a glass transition temperature 
between 0°C and 100°C. 




R1 
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6. Coating composition according to claim 6, characterised In that the coating 
composition has been obtained by polymerising 20-80% by weight of acryllo 
monomers in BQ-20% by weight of polysiloxane, wherein the % by weight is 

s calculated based on the total weight of the olefinically unsaturated 
monomers plus the polysiloxane before the start of the polymerisation 
reaction of the aery late monomers, followed by adding the catalyst 

7. Coating composition according to claim 6, characterised in that the coating 
io composition has been obtained by polymerising 1-80% by weight of methyl 

methacrylate and 0-70% by weight of butyl methacrylate in 20-80% by 
weight of polysiloxane, wherein the % by weight is calculated based on the 
total weight of the olefinicelly unsaturated monomers plus the polysiloxane 
before the start of the polymerisation reaction of the acrylate monomers, 
16 followed by adding the catalyst 

8. Use of a coating composition according to any one of the preceding claims 
as a protective coating. 

20 9. Use of a coating composition according to any one of claims 1-8 for the 
coating at ambient temperature of large structures such as ships, bridges, 
buildings, Industrial plants, or oil rigs. 
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Ambient temperature curing coating composition comprising 
- a branched poiysiioxane having the formula R2-0-[Si(R1) 2 -03„-R2. 
wherein each R1 Is selected from the group consisting of alkyl, aryl, and 
alkoxy groups having up to six carbon atoms, and OSi(OR3)a groups, 
wherein each R3 independently has the same meaning as R1. each R2 
is selected from the group consisting of hydrogen and alkyl and aryl 
groups having up to six carbon atoms, and wherein n is selected such 
that the molecular weight of the potyslloxanes Is In the range of from 
500 to about 2,000, 

- a catalyst, and 

- an acrylic polymer. 

The acrylic polymer is substantially free of functional groups that can react 
with the polysiloxane or with the catalyst In the coating composition. 
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